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4.  Introduction. 


The  overall  objective  of  this  project  is  the  development  of  new  chemotherapeutic  agents  for  the 
treatment  or  prevention  of  hormone-responsive  breast  cancer.  Our  approach  involves  the  solid-phase 
synthesis  of  a  series  of  17a-(substituted-phenyl)vinyl  estradiols  in  which  the  substituent  is  derived 
from  the  anti-estrogen  imparting  components  of  tamoxifen  and  raloxifene.  The  new  compounds  would 
be  evaluated  by  appropriate  biological  assays  to  determine  the  receptor  binding  affinity  and  efficacy. 
The  results  would  be  evaluated  to  determine  the  targets  for  subsequent  synthetic  efforts  designed  to 
enhance  the  biological  properties  of  the  substances.  This  report  describes  the  efforts  made  during  the 
past  year  to  achieve  those  objectives. 
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5.  Body 


The  research  proposal  described  5  specific  tasks  in  the  Statement  of  Work.  These  were:  1. 
Initial  target  compound  design.  2.  Chemical  synthesis  of  target  compounds  in  initial  directed  library.  3. 
Measurement  of  biological  properties  (receptor  affinity  and  efficacy).  4.  Assessment  of  structure- 
activity  relationships.  5.  Chemical  synthesis  of  target  compounds  in  second  generation  libraries.  The 
completion  of  the  first  task  was  described  in  the  report  last  year.  Work  on  the  second  and  third  tasks 
continued  during  this  past  year  and  will  be  described  in  this  report. 

Task  2.  Chemical  synthesis  of  target  compounds  in  initial  directed  library.  (Months  1-24). 

During  this  period  we  focused  on  two  aspects.  The  first  was  continued  preparation  of  the  series 
of  dialkylaminoalkoxylphenyl  iodides  that  constitute  the  coupling  partners  for  the  solid  phase  Stille 
reaction.  The  second  was  the  synthesis  of  the  target  compounds  on  solid  phase  followed  by  cleavage, 
purification  and  characterization. 

The  synthesis  of  virtually  all  of  the  dialkylaminoalkoxyphenyl  iodides  in  the  ethoxy-  and 
propoxy  series  has  been  completed.  The  ethoxy-  series  was  achieved  in  good  yields  (75-85%)  in  one 
step  from  the  commercially  available  hydroxyethyl  amines  and  the  iodophenols  using  the  Mitsunobu 
reaction.  The  propoxy-series  was  prepared  in  two  steps  from  bromopropanol  and  the  iodophenol 
(Mitsunobu  reaction)  followed  by  reaction  with  the  appropriate  dialkyl  amine.  Overall  yields  were 
lower  (50%)  but  still  satisfactory.  Preparation  of  the  butoxy-series  is  in  progress  using  the  second 
method.  The  products,  as  their  oxalate  salts,  are  available  for  the  subsequent  coupling  reaction. 
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The  Stille  coupling  of  the  iodophenyl  ethers  and  the  resin-bound  E-  and  Z-tri-butylstannylvinyl 
estradiols  was  undertaken  using  the  procedure  employed  for  the  synthesis  of  the  simpler  substituted 
phenylvinyl  estradiols.  Reactions  with  the  E-isomer  gave  low  yields  of  product  along  with  a  mixture  of 
by-products.  The  reactions  were  repeated  without  being  able  to  significantly  improve  the  yields. 
Sufficient  quantities  of  the  dimethylaminoethoxyphenyl-vinyl  estradiol  were  obtained  to  submit  for 
biological  evaluation.  Reactions  with  the  Z-isomer  gave  no  characterized  product.  This  observation 
was  similar  to  what  we  had  obtained  with  some  of  the  solution  couplings  with  the  Z-isomer. 

In  order  to  obtain  sufficient  material  in  the  target  series  we  have  temporarily  reverted  to  the 
solution  based  chemistry.  We  are  concentrating  on  the  E-isomers  because  they  can  be  obtained  more 
reliably,  in  higher  yield  and  they  are  chemically  more  stable.  We  are  also  exploring  the  use  of  the 
Suzuki  coupling  reaction  and  so  have  done  preliminary  work  in  preparation  and  coupling  of  vinyl 
boronic  acids.  In  order  to  preserve  the  more  valuable  ethynyl  estradiol  starting  material,  we  have  used 
a  simpler  estrogenic  core  [3,5-bis-(4-hydroxyphenyl)-isoxazole]  described  by  Katzenellenbogen,  as  a 
model  system.  We  have  been  able  to  prepare  phenyl  vinyl  derivatives  via  two  approaches  using  this 
scaffold  and  are  now  applying  this  methodology  to  the  ethynyl  estradiol  series.  We  have  started  to 
prepare  the  estradiol  vinylboronic  acids  and  esters  in  preparation  for  both  the  Suzuki  solution  and  solid 
phase  organic  syntheses.  While  the  initial  work  will  be  done  using  solution  chemistry,  we  will  keep  in 
mind  the  application  to  solid  phase  organic  synthesis. 

Task  3.  Measurement  of  biological  properties-affinitv  and  efficacy  (Months  1-24). 

We  have  continued  to  develop  the  biological  evaluative  methods  for  the  new  compounds.  As 
described  in  the  first  report  we  have  established  the  assays  for  determining  the  receptor  binding  affinity 
utilizing  the  ligand  binding  domain  overexpressed  in  a  bacterial  cell  line.  The  initial  evaluation  was 
with  the  ER-alpha-LBD,  although  we  have  been  able  to  extend  this  to  the  ER-beta-LBD  as  well.  We 
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used  these  two  ER-LBDs  to  evaluate  the  model  isoxazoles  prepared  as  part  of  our  boronic  acid  study. 
We  also  have  evaluated  the  first  of  the  dialkylaminoalkoxyphenylvinyl  estradiols  to  begin  the 
comparison  of  the  target  compounds  versus  the  simpler  phenylvinyl  estradiols. 

We  have  also  started  the  evaluation  of  the  isomeric  E-/Z-substituted  phenylvinyl  estradiols  (6 
compounds  per  series)  in  the  immature  female  rat  uterotrophic  growth  assay.  Such  assays  involve  280 
rats  per  study  in  order  to  be  able  to  do  a  direct  comparison  of  the  compounds.  We  had  found  that  we 
could  not  obtain  the  same  results  by  pooling  data  from  separate  assays.  In  these  recent  assays,  we  have 
observed  that  the  uterotrophic  data  do  not  always  correspond  to  the  binding  data.  So  far,  for  the  5 
series  that  we  have  evaluated,  the  ortho-substituted  phenyl  vinyl  compounds  (both  E-  and  Z-isomers) 
usually  are  the  most  active.  Also,  the  simple  substituted  phenylvinyl  compounds  are  all  agonists 
(estrogenic).  Therefore,  as  we  proceed  to  the  dialky laminoalkoxyphenyl  vinyl  series,  we  hope  to 
observe  a  transformation  to  antagonist  (anti-estrogenic)  properties. 

To  enhance  our  ability  to  assess  both  affinity  and  efficacy  we  are  starting  to  generate  the  stably 
transfected  ERa/p-LBDluciferase  assay.  This  will  allow  us  to  determine  simultaneously  the  affinity 
and  efficacy  of  the  new  compounds  much  more  rapidly  than  currently  possible. 

Task  4,  Assessment  of  structure-activity  relationships  (Months  6-24). 

We  have  started  to  develop  the  structure-activity  relationships  for  the  17a-(substituted- 
phenyl)vinyl  estradiols.  In  conjunction  with  the  other  projects  we  have  undertaken  the  molecular 
modeling  docking  studies  with  the  ligands  and  the  ER-LBD.  Our  initial  molecular  dynamics  docking 
studies  with  the  para-substituted  phenyl  vinyl  estradiols  gave  a  linear  relationship  between  the 
calculated  binding  energies  and  the  relative  binding  affinities  (RB A).  The  studies  also  suggest  that  the 
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region  into  which  we  are  introducing  the  dialkylaminoalkoxy-side  chains  should  be  able  to 
accommodate  the  substituent. 

The  evaluation  of  the  in  vivo  data  suggests  that  the  simpler  derivatives  are  full  agonists  with 
potencies  ranging  from  more  active  than  estradiol  to  less  than  1%  as  potent  as  estradiol.  In  most,  but 
not  all  cases,  the  ortho-isomer  in  both  the  E-  and  Z-series  is  the  most  active.  In  the  E-  series,  the  meta- 
and  para-isomers  are  generally,  but  not  always,  weak  estrogenic  agonists.  In  the  Z-isomers,  the  meta- 
and  para-isomers  are  quite  active,  but  not  as  potent  as  the  ortho-products. 


6.  Research  Accomplishments. 

•  Completed  preparation  of  most  dialkylaminoalkoxyphenyl  iodide  coupling  reagents 

•  Developed  molecular  dynamics  methods  for  evaluating  ligand  binding  energies  and  RBA 

•  Developed  in  vivo  uterotrophic  assay  and  in  vitro  transfection  luciferase  assay 

•  Synthesized  phenylvinyl  derivatives  of  diaryl  isoxazoles  as  models  for  alternate  boronic  acid 
approach 

•  Completed  initial  SAR  studies  for  simple  para-substituted  phenylvinyl  estradiols 
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7.  Reportable  Outcomes. 

a.  Manuscripts,  abstracts,  presentations 

1 .  Evaluation  of  1 7a-(X-phenyl)vinyl  estradiols  as  estrogen  receptor  agonists.  Robert  N.  Hanson, 
Carolyn  Friel,  Choon  Young  Lee,  Robert  Dilis,  Eugene  R.  DeSombre,  Alun  Hughes.  Medicinal 
Chemistry  Gordon  Conference,  New  London,  NH.  August  4-9,  2002.  Poster. 

2.  Evaluation  of  17a-(X-phenyl)vinyl  estradiols  as  estrogen  receptor  agonists.  Robert  N.  Hanson, 
Carolyn  Friel,  Choon  Young  Lee,  Robert  Dilis,  Eugene  R.  DeSombre,  Alun  Hughes.  224  ACS 
National  Meeting,  Boston,  MA.  August  18-22,  2002.  Poster  MEDI 359. 

3.  Mitsunobu  Reaction:  A  versatile  synthetic  and  educational  tool.  Robert  N.  Hanson,  Katharine  M. 
Gray  and  Michael  Bianchi.  224  ACS  National  Meeting,  Boston,  MA.  August  18-22,  2002.  Poster 
CHED  197. 

4.  Synthesis  of  4-substituted-3,5-diarylisoxazoles  by  palladium-catalyzed  coupling  reactions.  Rachel 
E.  Gershman,  Eugene  R.  DeSombre,  Robert  N.  Hanson  and  Alun  Hughes.  224  National  ACS 
Meeting,  Boston,  MA.  August  18-22,  2002.  Poster  MEDI  385. 

5.  Several  manuscripts  are  in  progress  in  which  the  material  presented  in  the  posters  will  be  described 
in  greater  detail. 


b.  Degrees  obtained  supported  by  the  award. 

1.  Rachel  E.  Gershman,  Synthesis  of  4-(Substituted  Phenylvinyl)-3,5-diaryl-isoxazoles.  Approaches 
to  combinatorial  libraries  via  Suzuki  coupling  reactions.  M.S.  in  Chemistry,  Fall  2002. 
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8.  Conclusions. 


At  this  point,  we  are  continuing  to  make  progress  on  completing  our  ultimate  objectives.  We 
have  had  difficulty  translating  our  initial  success  in  synthesizing  simpler  estrogens  on  solid  phase  to 
the  preparation  of  more  complex  compounds.  We  have  continued  to  prepare  the  key  reagents  and 
develop  alternatives,  including  solution  based  syntheses.  We  have  expanded  our  biological  assays  to 
include  in  vivo  uterotrophic  growth  assays  and  an  in  vitro  transfection  assay.  Preliminary  biological 
results  indicate  that  simpler  estrogenic  derivatives  retain  full  receptor  potency.  Molecular  dynamics 
studies  demonstrate  a  direct  relationship  between  calculated  binding  energies  and  observed  binding 
affinities.  For  the  next  year  we  will  continue  to  prepare  the  initial  series  of  target  compounds  and 
evaluate  their  estrogen  receptor-related  properties. 

9.  References. 

None. 

10.  Appendix. 

The  appendix  material  consists  of  copies  of  the  3  posters  for  the  presentations  at  the  Gordon 
Conference  and  at  the  ACS  meeting. 
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Robert  N.  Hanson#,  Choon  Young  Lee*,  Carolyn  J.  Friel*,  Robert  Dilis#,  Alun  Hughes+,  and  Eugene  R.  DeSombre* 

Departments  of  Chemistry#  and  Pharmaceutical  Sciences*,  Northeastern  University,  360  Huntington  Avenue,  Boston,  MA  02115  and 
The  Ben  May  Insitute  for  Cancer  Research*,  The  University  of  Chicago,  5841  S.  Maryland  Avenue,  Chicago,  IL  60637 


The  Mitsunobu  Reaction:  A  versatile  synthetic  and  educational  tool 
Robert  N.  Hanson,  Katharine  M.  Gray,  Michael  Bianchi 
Department  of  Chemistry,  Northeastern  University,  360  Huntington  Avenue 
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